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(57) ABSTRACT

[

In a shielding configuration of a chip part, a shielding eflect
and a cooling eflect are sufliciently obtained at the same
time. In an electronic device including a chip part to be
disclosed, a shielding conductor includes a ceiling plate
section covering the chip part and side plate sections which
are formed to be united with the ceiling plate section and to
be at a position lower than the ceiling plate section and
which are arranged on both sides 1n a horizontal direction of
the chip part, and openings are formed 1n both side ends in
a front-rear direction of the shielding conductor to open both
sides 1n a front-rear direction of the chip part, and the side
plate sections of the shielding conductor are electrically
connected via a plurality of shielding bumps 1n the front-rear
direction to a ground layer pattern of a mounting substrate.

19 Claims, 22 Drawing Sheets

Shielding conductor loop
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FIG. 9

Radiation noise (relative value)
100
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FIG. 13
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1

ELECTRONIC DEVICE INCLUDING CHIP
PARTS AND A METHOD FOR
MANUFACTURING THE SAME

TECHNICAL FIELD

The present invention relates to an electronic device
including chip parts and a method of manufacturing the
same, and 1n particular, to an electronic device including
chip parts and a method of manufacturing the same 1n which
Electro-magnetic Interterence (EMI) for the chip parts is
reduced.

RELATED ART

In an electronic device including chip parts which 1s
constructed by mounting various chip parts such as a semi-
conductor chip, a chip capacitor, and a chip resistor on a
mounting substrate, 1t 1s common practice that the chip parts
are electromagnetically shielded to reduce EMI, that 1s, to
obtain an eflect of shielding the chip parts from radiation
noise.

For example, Japanese Patent No. 2940478 (Japanese
Patent Application Laid-Open No. 10-12675) (first prior art)
discloses an electronic device including chip parts 1n which
by passing a signal through an inner layer of a wiring
substrate, electromagnetic radiation (radiation noise) can be
almost completely suppressed. In the device, as can be seen
from FIG. 1, a mounting substrate 100 including a surface
layer 101 and a signal layer 102 as an inner layer are used,
and a surface of a ceramic die 103 constituting a resistor chip
1s covered with a ground (GND) cover film 104. The film
104 1s connected via a GND connection terminal 105 to the
surface later 101 on one hand, and a resistor film 106 1s
connected via a signal connection terminal 107 to the signal

layer 102.

According to the electronic device configured as above,
the signal layer 102 which 1s part of a circuit passing through
the resistor film 106 1s placed on an mner side of the surface
layer 101 completely shielded from an external space, and
hence can be shielded from the external space.

Furthermore, for example, Japanese Patent Application
Laid-open No. 2001-15976 (second prior art) discloses an
clectronic device including chip parts 1n which a shielding
cap joining section and an element mounting section are
tormed on the same plane of a mounting substrate, and side
surfaces of the shielding cap include openings. In the electric
device, as shown 1n FIG. 2(a), on a mounting substrate 113
in which elements (chip parts) 111 are mounted and joining
pads 112 such as solder are formed, a shielding cap 115
including an opening 114 1n a side surface thereof 1s set and
then joining of the shielding cap 115 and mounting of the
clements 111 are simultaneously conducted to thereby
manufacture an electronic device in which the side surface
of the shielding cap has the opening 114 as shown 1n FIG.
2(b). According to the electronic device configured as above,
since the side surface of the shielding cap has the opening
114, the shielding from the external space can be achieved
while improving convection heat transfer efliciency and a
gas discharge characteristic during solder retlow.

Additionally, for example, Japanese Patent Application
Laid-Open No. 9-307273 (third prior art) discloses an elec-
tronic device including chip parts including a shielding
configuration to eflectively shield high-frequency circuits
and signal lines on a mounting substrate from electromag-
netic waves propagating through a space and the substrate.
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The electronic device 1s configured as shown 1n FIG. 3 such
that a high-frequency circuit 122 including a large number
of chip parts formed on a surface of a multilayered substrate
121 1s covered with a shielding case 124 connected to a
ground pattern 123 formed on a surface of the multilayered
substrate 121, ground layers formed on mner and rear layers
of the multilayered substrate 121 are connected using via
holes 126 to the ground pattern 123, and slits 127 are formed
to pass through the front and rear surfaces of the multilay-
ered substrate 121. Additionally, an output signal line 128 of
the high-frequency circuit 122 1s formed to pass through the
inner layer of the multilayered substrate 121 on one side, and
the high-frequency circuit 122 1s connected to the output
signal line 128 using a via hole 129.

In accordance with the electronic device configured as
above, the ground pattern 123, the ground layer 125, and the
via hole 126 are used to form a wall of a ground surface 1n
the multilayered substrate 121 and an upper surface and side
surfaces of the high-frequency circuit 122 are covered with
the shielding case 124 to surround an overall circumierence
of the high-frequency circuit 122 by ground. Moreover, by
forming slits 127 on an outer side of the via hole 126, the
high-frequency circuit 122 and the output signal line 128 can
be 1solated from the external circuits of the multilayered
substrate 121.

PROBLEM 1O BE SOLVED BY THE
INVENTION

However, 1n the electronic devices including chip parts
according to the first to third prior arts, there exists a
problem of dificulty to simultaneously and sutliciently
obtain the shielding effect and the cooling efl

ecCt.

That 1s, 1n the electronic device including chip parts, when
a higher function 1s required, the number of chip parts
mounted on the mounting substrate has a tendency to
increase. However, 1n association therewith, the quantity of
heat generated during operation of the electronic device
inevitably increases. Therefore, 1t 1s an 1important object to
obtain a suflicient shielding effect and to adopt suflicient
heat dissipating measures at the same time. When the prior
arts are viewed from that point of view, since the ceramic die
103 constituting the resistor chip 1s sealed by the GND f{ilm
14 1n the first prior art shown 1n FIG. 1 and 1t 1s difhicult to
dissipate generated heat into the periphery, the suilicient
cooling eflect cannot be obtained. Additionally, since the
signal layer 102 1s disposed to pass through the mnner layer
of the mounting substrate 100 in the first prior art, there
exists also a drawback that degrees of freedom are restricted
in the designing.

Moreover, since the shielding cap 115 has the opening 114
in 1ts side surfaces in the second prior art shown 1 FIG. 2,
the cooling effect can be obtained using the opemng 114;
however, there exits a drawback that the shielding effect 1s
not suflicient. Furthermore, since the high-frequency circuit
122 1s substantially sealed by the shielding case 124 in the
configuration of the third prior art shown 1 FIG. 3, there
exists a drawback as 1n the first prior art that the generated
heat cannot be easily dissipated around and hence the
suflicient cooling effect cannot be obtained.

It 1s an object of the present mvention, which has been
devised in consideration of the situation described above, to
provide an electronic device and a method of manufacturing
the same 1n which the shielding effect and the cooling effect
can be simultaneously and sufliciently obtained in the
shielding configuration of the chip parts.
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DISCLOSURE OF THE INVENTION

To achieve the objects, there 1s provided an electronic
device including a shielding conductor to be united with a
chip part, characterized 1n that an upper surface of the chip
part 1s coated with the shielding conductor, the shielding
conductor includes a ceiling plate section covering the chip
part and side plate sections which are formed to be united
with the ceiling plate section and to be at a position lower
than the ceiling plate section and which are arranged on both
sides 1n a horizontal direction of the chip part, side plates do
not exist 1in both side ends in a front-rear direction of the
shielding conductor, and the side plate sections are electri-
cally connected via a plurality of connecting means to a
ground layer of a mounting substrate.

In accordance with the invention, there 1s provided an
clectronic device including a chip part in which the chip part
1s mounted on a surface of a mounting substrate, an upper
surface of the chip part 1s coated with a shielding conductor
to be united with the chip part, and the shielding conductor
1s electrically connected to a ground layer of the mounting
substrate, characterized in that the shielding conductor
includes a ceiling plate section covering the chip part and
side plate sections which are formed to be united with the
ceiling plate section and to be at a position lower than the
ceiling plate section and which are arranged on both sides 1n
a horizontal direction of the chip part, and openings are
formed 1n both side ends 1n a front-rear direction of the
shielding conductor to open both sides in a {front-rear
direction of the chip part, and the side plate sections of the
shielding conductor are electrically connected via a plurality
of connecting means 1n the front-rear direction to the ground
layer of the mounting substrate.

Furthermore, 1n accordance with the invention, there 1is
provided an electronic device including a chip part 1n which
the chip part 1s mounted on a surface of a mounting
substrate, an upper surface of the chip part 1s coated with a
shielding conductor to be united with the chip part, and the
shielding conductor 1s electrically connected to a ground
layer of the mounting substrate, characterized in that the
shielding conductor includes a ceiling plate section covering
the chip part and side plate sections which are formed to be
united with the ceiling plate section and to be at a position
lower than the ceiling plate section and which are arranged
on both sides in a horizontal direction of the chip part, and
both end sides in a front-rear direction of the shielding
conductor project from both side ends of the chip part, and
an eclectromagnetic wave absorber 1s disposed between at
least from the both side ends 1n a front-rear direction of the
chip part to the both side ends 1n a front-rear direction of the
shielding conductor, and the side plate sections of the
shielding conductor are electrically connected via a plurality
of connecting means 1n the front-rear direction to the ground
layer of the mounting substrate.

Furthermore, in accordance with the invention, there 1s
provided an electronic device including a chip part, charac-
terized 1n that the chip part includes a two-terminal chip part.

Furthermore, 1in accordance with the invention, there 1s
provided an electronic device imncluding a chip part, charac-
terized in that in the shielding conductor, the shielding
conductor width W 1s selected to have a size larger than an
area 1 which terminals of the chip part exist, by at least
twice a harmonic mean of height H of the ceiling plate
section and length L. of the opening in the horizontal
direction of the ceiling plate section.

Furthermore, in accordance with the invention, there i1s
provided an electronic device imncluding a chip part, charac-
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terized 1n that in the shielding conductor, end sections of the
opening of the shielding conductor are of a size larger than
an areca 1n which terminals of the chip part exist, by at least
length L of the opeming in the horizontal direction of the
ceiling plate section.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device imncluding a chip part, charac-
terized 1n that the connecting means used are at least four in
number.

Furthermore, 1n accordance with the invention, there is
provided an electronic device imncluding a chip part, charac-
terized 1n that a hole section 1s formed 1n the ceiling plate
section of the shielding conductor to expose the chip part.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device including a chip part, charac-
terized 1n that a spring substance having elasticity 1s used as
the shielding conductor.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device imncluding a chip part, charac-
terized 1n that shape memory metal having a characteristic of
a spring 1s used as the shielding conductor, a hole section 1s
formed 1n the shape memory metal to expose the chip part,
and the chip part 1s pushed by the characteristic of a spring
of end sections of the hole section.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device including a chip part, charac-
terized 1n that a shielding conductor also serving as a
cathode conductor 1s used 1n place of the shielding conduc-
tor and the upper surface, side surfaces, and a part of
surfaces of the chip part are covered by the shielding
conductor also serving as a cathode conductor.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device imncluding a chip part, charac-
terized 1n that a bump or a conductor having elasticity 1s
used as the connecting means.

Furthermore, 1n accordance with the invention, there is
provided an electronic device imncluding a chip part, charac-
terized in that an array-shaped chip part 1s used 1n place of
the chip part and the array-shaped chip part includes a
plurality of two-terminal chip parts integrated in a front-rear
direction.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device including a chip part, charac-
terized in that two electrodes are formed on a mounting
surface of the two-terminal chip part and both of the
clectrodes are connected to surface layer electric wiring
formed 1n the horizontal direction.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device imncluding a chip part, charac-
terized 1n that on a mounting surface of each of a plurality
of two-terminal chip parts, only one of the electrodes 1is
formed.

Furthermore, 1n accordance with the invention, there 1s
provided an electronic device including a chip part, charac-
terized 1n that the one of the electrode 1s connected to surface
layer electric wiring formed in the horizontal direction and
an optical waveguide 1s arranged in the horizontal direction
in the mounting substrate below the array-shaped chip.

Furthermore, 1n accordance with the invention, there 1s
provided a method of manufacturing an electronic device
including a chip part in which the chip part 1s mounted on
a surface ol a mounting substrate, an upper surface of the
chip part 1s coated with a shielding conductor, and the
shielding conductor 1s electrically connected to a ground
layer of the mounting substrate, characterized by comprising
a step of assembling the chip part with the shielding con-
ductor 1nto a unit by using a shielding conductor including
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a ceilling plate section covering the chip part and side plate
sections which are formed to be united with the ceiling plate
section and to be at a position lower than the ceiling plate
section and which are arranged on both sides 1n a horizontal
direction of the chip part and by coating an upper surface of
the chip part with the ceiling plate section and a step of using
a mounting substrate 1n which a ground layer 1s formed,
arranging on the mounting substrate the shielding conductor
assembled with the chip part into a unit, mounting the chip
part on a surface of the mounting substrate, and electrically
connecting the shielding conductor to the ground layer at the
same time.

Furthermore, in accordance with the invention, there 1s
provided a method of manufacturing an electronic device
including a chip part in which the chip part 1s mounted on
a surface of a mounting substrate, an upper surface of the
chip part 1s coated with a shielding conductor, and the
shielding conductor 1s electrically connected to a ground
layer of the mounting substrate, characterized by comprising
a step ol using a mounting substrate in which a ground layer
1s formed, arranging the chip part on the mounting substrate,
and mounting the chip part on a surface of the mounting
substrate and a step of using a shielding conductor including
a ceiling plate section covering the chip part and side plate
sections which are formed to be united with the ceiling plate
section and to be at a position lower than the ceiling plate
section and which are arranged on both sides in a horizontal
direction of the chip part, arranging the shielding conductor
on the mounting substrate, electrically connecting the
shielding conductor to the ground layer, and covering an
upper surface of the chip part with the ceiling plate section.

Furthermore, in accordance with the invention, there 1s
provided a method of manufacturing an electronic device
including a chip part, characterized i1n that a plurality of
connecting means are used when the shielding conductor 1s
clectrically connected to the ground layer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view showing a configuration
of a conventional electronic device including chip parts (first
prior art).

FIG. 2 1s a perspective view showing a configuration of a
conventional electronic device including chip parts (second
prior art).

FIG. 3 1s a cross-sectional view showing a configuration
of a conventional electronic device including chip parts
(third prior art).

FIG. 4 1s a plan view showing a first embodiment of an

clectronic device including chip parts in accordance with the
present invention.

FIG. 5 1s a cross-sectional view taken along A—A of FIG.
4.

FIG. 6 1s a process chart showing a first manufacturing
method of the electronic device 1n a process order.

FIG. 7 1s a process chart showing a second manufacturing,
method of the electronic device 1n a process order.

FIG. 8 1s a diagram schematically showing a shielding
conductor used 1n the electronic device.

FIG. 9 1s a diagram showing simulated results of a
shielding effect when the shielding conductor 1s used.

FIG. 10 1s a diagram showing a relationship between the
number of shielding bumps (abscissa) and the quantity of
radiation noise (ordinate) when the shielding conductor 1s
connected to a mounting substrate using shielding bumps 1n
the electronic device.
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FIG. 11 1s a cross-sectional view showing a first variation
of the first embodiment.

FIG. 12 1s a cross-sectional view showing a second
variation of the first embodiment.

FIG. 13 1s a diagram showing a rear surface of a shielding
conductor and chip parts in the first manufacturing method
ol an electronic device.

FIG. 14 1s a cross-sectional view showing a third variation
of a first embodiment.

FIG. 15 1s a cross-sectional view taken along B—B of
FIG. 14.

FIG. 16 1s a cross-sectional view showing a fourth varia-
tion of the first embodiment.

FIG. 17 1s a cross-sectional view showing a fifth variation
of the first embodiment.

FIG. 18 1s a cross-sectional view taken along C—C of
FIG. 17.

FIG. 19 1s a plan view showing a second embodiment of
an electronic device including chip parts in accordance with
the present invention.

FIG. 20 1s a cross-sectional view taken along D—D of
FIG. 19.

FIG. 21 1s a plan view showing a third embodiment of an
clectronic device including chip parts in accordance with the
present invention.

FIG. 22 1s a cross-sectional view taken along E—FE of
FIG. 21.

In this connection, numeral 1 indicates a chip part.
Numeral 2 1s a cathode. Numeral 3 1s a shielding conductor.
Numeral 4 1s a celling plate section. Numeral 5 1s a side plate
section. Numerals 5A and 21A are flat planes. Numerals 6
and 6 A are anode electrodes. Numerals 7 and 7A are cathode
clectrodes. Numerals 8 and 23 are openings. Numeral 9 1s a
light emitting section. Numeral 10 1s a mounting substrate.
Numeral 11 1s a ground conductor pattern. Numeral 12 1s a
ground layer. Numeral 13 1s a via hole. Numeral 14 1s a land
pattern. Numeral 135 1s an optical waveguide. Numerals 16 A,
168, 26, 26A, and 26B are surface layer electric wiring.
Numeral 17 1s a shielding bump. Numeric 18 1s a signal
bump. Numeric 19 1s a gap. Numeral 20 1s a hole section.
Numeral 21 1s a shielding conductor also serving as a
cathode conductor. Numeral 22 1s solder resist. Numeral 24
1s a conductor having elasticity. Numeral 25 1s an array-
shaped chip part. Numeral 27 1s an optical waveguide.

BEST MODE FOR CARRYING OUT THE
INVENTION

Next, referring to the drawings, description will be given
of embodiments of the present invention. The description
will be specifically given by use of embodiments.

First Embodiment

FIG. 4 15 a plan view showing a first embodiment of an
clectronic device including chip parts of the present inven-
tion. FIG. 5 1s a cross-sectional view taken along A—A of
FIG. 4. FIG. 6 1s a process chart showing a first manufac-
turing method of the electronic device i a process order.
FIG. 7 1s a process chart showing a second manufacturing
method of the electronic device 1n a process order.

In an electronic device including chip parts of this
example, an upper surface (a rear surface) serving as a
cathode 2 of a chip part 1 including, for example, a Vertical
Cavity Surface Emitting Laser (VCSEL) 1s covered with a
shielding conductor 3 to be an integrated unit on one hand,
while a surface of the chip part 1 1s mounted on a surface of
the mounting substrate 10. Furthermore, both end surfaces
(flat planes 5A of side plate sections 5, which will be
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described later) in the horizontal direction of the shielding
conductor 3 are electrically connected to a ground conductor
pattern 11 on a surface of the mounting substrate 10 on one
hand, and both ends in the {front-rear direction of the
shielding conductor 3 are opened to form an opening 8.

For the mounting substrate 10, an isulator substrate such
as a ceramic substrate or a glass epoxy board 1s used, and the
ground conductor pattern 11 1s formed on a surface thereof,
a ground layer 12 1s formed therein, and the ground layer 12
and the ground pattern 11 are conductively linked with each
other using the via hole 13. Moreover, on the surface that is
a mounting surface of the chip part 1, the anode electrode 6,
the cathode electrode 7, and the light emitting section 9 are
formed; and at positions on the surface of the mounting
substrate 10 opposing the anode electrode 6 and the cathode
clectrode 7, formed are land patterns 14 including respec-
tively copper layers. Additionally, on the surface of the
mounting substrate 10, an optical waveguide 15 1s formed in
the front-rear direction, the waveguide 15 receiving and
propagating optical signals from the light emitting section 9
of the chip part 1; on the other hand, in the front-rear
direction and in the horizontal direction, a surface layer
clectric wiring 16 A and a surface layer electric wiring 168
to be connected to the anode electrode 6 and the cathode
clectrode 7 of the chip part 1 are formed. The optical
waveguide 135 includes multimode optical waveguide struc-
ture having a core diameter of, for example, S0 micrometers
(um), and one end section thereof to recerve optical signals
from the light emitting section 9 1s formed to include an
inclined surface having an angle of almost 45 degrees on one
hand, and another end thereof 1s formed to be drawn from
the opening 8 in the front-rear direction of the ceiling plate
section 4. As the optical waveguide 135, optical fiber of step
index type or GI type can be used.

The chip part 1 including a VCSEL 1s, for example, about
0.4 mm square and about 0.2 mm thick, and the light
emitting section 9 1s formed on a substantially central
section of the chip part 1. Additionally, the anode electrode
6 and the cathode electrode 7 are about 0.08 mm 1n size and
both electrodes 6 and 7 are arranged to be apart from the
light emitting section 9 by a distance of about 0.125 mm.
The chip part 1 configures a two-terminal chip part in which
the anode electrode 6 and the cathode electrode 7 are formed
as described above, and a current path i1s formed in the
honizontal direction 1n which both electrodes 6 and 7 are
linked with each other.

For the shielding conductor 3, a conductor plate such as
a copper or an aluminum plate 1s used and 1s larger 1n size
than the chip part 1, that 1s, has a length from 0.5 mm to 0.8
mm 1n the horizontal direction and a length from 0.5 mm to
1 mm 1n the front-rear direction to cover the chip part 1. The
conductor 3 includes a ceiling plate section 4 to cover a
cathode 2 on a rear surface of the chip part 1 and a pair of
side plate sections 5 which are united with the ceiling plate
section 4 and are bent to be at a position 0.2 mm to 0.4 mm
lower than the ceiling plate section 4, the side plate sections
5 being arranged on both sides 1n the horizontal direction of
the chip part 1. The paired side plate sections 5 are config-
ured such that a flat plane 5A thereof extends in the
front-rear direction to be electrically connected wvia, for
example, five shuelding bumps (connecting units) 17 each
having a diameter of 100 um to the ground conductor pattern
11 on a surface of the mounting plate 10. Furthermore, the
anode electrode 6 and the cathode electrode 7 of the chip
part 1 are connected to the surface layer electric wirings 16A
and 16B via, for example, signal bumps 18 each having a
diameter of 100 um. For each of the shielding bumps 17 and
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the signal bumps 18 serving as electric contacts (connecting
units), a spherical conductor of solder, metal, or the like 1s
used. In addition, at a position at which the shielding bump
17 1s not disposed between the side plate sections 5 of the
shielding conductor 3 and the ground conductor pattern 11
of the mounting substrate 10, there exists a gap 19.

Next, by referring to FIG. 6, description will be given of
a first manufacturing method of the electronic device includ-
ing chip parts of this example.

First, as shown 1n FIG. 6(a), there 1s beforehand prepared
a chip part 1 1n which a cathode 2 1s formed on a rear surface
thereol and which includes, on one hand, a vertical cavity
surface emitting laser including an anode electrode 6, a
cathode electrode 7, and a light emitting section 9 formed on
a surface thereof as a mounting surface. A shielding con-
ductor 3 1n which a ceiling plate section 4 and both side plate
sections 5 are formed 1s prepared. By covering the cathode
2 on the rear surface of the chip part 1 with the ceiling plate
section 4 using conductive adhesive, the chip part 1 1s
assembled to be united with the shielding conductor 3.

Next, there 1s prepared a mounting substrate 10 as shown
in FIG. 6(b) in which a ground conductor pattern 11 1is
tformed on the surface, a ground layer 12 1s formed therein,
the ground layer 12 1s linked via a via hole 13 with the
ground conductor pattern 11, and a land pattern 14 1s formed
at a desired position. Next, the shielding conductor 3
assembled to be united with the chip part 1 1s arranged on the
mounting substrate 10, the flat planes 5A of the both side
plate sections 5 of the shielding conductor 3 are aligned with
the ground conductor pattern 11 on the surface of the
mounting substrate 10, and the anode electrode 6 and the
cathode electrode 7 on the surface of the chip part 1 are
aligned with the land pattern 14 on the surface of the
mounting substrate 10. Thereaiter, the shielding bump 17 1s
placed between the tlat planes SA of the shielding substrate
3 and the ground conductor pattern 11; and the signal bumps
18 are placed between the land pattern 14 and the anode
clectrode 6, and between the land patter 14 and the cathode
clectrode 7 to thereby mount the chip part 1 on the mounting
substrate 10; and, at the same time, the shielding conductor
3 1s electrically connected to the ground conductor pattern
11 of the mounting substrate 10 to completely manufacture
an electronic device including chip parts as shown in FIGS.
4 and 5.

In this regard, the connection between the flat planes SA
and the ground conductor pattern 11 and that between the
land pattern 14 and the anode electrode 6 and the cathode
clectrode 7 described above are achieved by use of a heating
furnace such that the mounting substrate 10 1s passed
through the inside of the furnace to thereby deforming the
shielding bumps 17 and the signal bumps 18 by heat. Or, it
1s also possible to deform the shielding bumps 17 and the
signal bumps 18 by compression bonding.

In this connection, a plurality of shielding bumps 17 may
be densely disposed such that the bumps are molten to be
united into one shielding bump during the deformation by
heat.

In accordance with the first manufacturing method, the
shielding conductor 3 beforechand assembled with the chip
part 1 into one unit 1s used such that the shielding conductor
3 1s aligned on the mounting substrate 10, the chip part 1s
mounted on the surface of the land pattern 14 of the
mounting substrate using the signal bumps 18; at the same
time, the shielding conductor 3 1s connected to the ground
conductor pattern 11 of the mounting substrate 10. There-
fore, the connection of the chip part 1 to the surface of the
mounting substrate 10 and that of the shielding conductor 3
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to the mounting substrate 10 can be achieved 1n one process,
and hence the manufacturing processes can be simplified.

Next, by referring to FIG. 7, description will be given of
a second manufacturing method of the electronic device
including chip parts of this example.

First, as shown 1n FIG. 6(a), there 1s beforehand prepared
a chip part 1 1n which a cathode 2 1s formed on a rear surface
thereol and which includes, on one hand, a vertical cavity
surface emitting laser including an anode electrode 6, a
cathode electrode 7, and a light emitting section 9 formed on
a surface thereol as a mounting surface. There 1s prepared a
mounting substrate 10 1n which a ground conductor pattern
11 1s formed on the surface, a ground layer 12 1s formed
therein, the ground layer 12 1s linked via a via hole 13 with
the ground conductor pattern 11, and a land pattern 14 1s
formed at a desired position. Next, the chip part 1 1s arranged
on the mounting substrate 10, the anode electrode 6 and the
cathode electrode 7 are aligne(f, with the land pattern 14 on
the surface of the mounting substrate 10, and the chip part
1 1s mounted on the surface of the mounting substrate 10
with the signal bumps 18 placed between the anode elec-
trode 6 and the cathode electrode 7 and the land pattern 14.

Next, as shown 1 FIG. 7(b), a shuelding conductor 3 1n
which a ceiling plate section 4 and both side plate sections
5 are formed 1s prepared. Next, the shielding conductor 3 1s
arranged on the mounting substrate 10, the flat planes SA of
the both side plate sections 5 of the shielding conductor 3 are
aligned with the ground conductor pattern 11 on the surface
of the mounting substrate 10, and the rear surface of the chip
part 1 1s aligned with the ceiling plate section 4 of the
shielding conductor 3. Thereafter, the shielding bumps 17
are placed between the flat planes 5A of the shielding
conductor 3 and the ground conductor pattern 11, conductive
adhesive 1s placed between the ceiling plate section 4 of the
shielding conductor 3 and the rear surface of the chip part 1
to connect the shielding conductor 3 to the ground conductor
pattern 11 of the mounting substrate 10; and the rear surface
of the chip part 1 1s fixed onto the ceiling plate section 4 to
thereby cover the rear surface by the ceiling plate section 4
to completely manufacture an electronic device including
chip parts as shown in FIGS. 4 and 5.

In this regard, the connection between the flat planes SA
and the ground conductor pattern 11 and that between the
land pattern 14 and the anode electrode 6 and the cathode
electrode 7 described above are achieved, like in the first
manufacturing method, by use of a heating furnace or a
compression bonding method 1n which the shielding bumps
17 and the signal bumps 18 are deformed by heat.

In accordance with the second manufacturing method, the
chup part 1 1s beforechand mounted on the surface of the
mounting substrate 10, the shielding conductor 3 1s aligned
with the mounting substrate 10, and the shielding conductor
3 1s connected to the mounting substrate 10 to cover the
substrate 10 at the same time. Therefore, the mounting of the
chip part 1 1s conducted before the connection of the
shielding conductor 3, and hence degrees of freedom are
obtained 1n the mounting of the chip part 1.

In accordance with the electronic device including chip
parts of this example manufactured in the first and second
manufacturing methods described above, the opening 8 1s
configured in both side end surfaces in the front-rear direc-
tion of the shielding conductor 3 connected to the mounting,
substrate 10, and hence heat generated from a plurality of
chip parts 1 mounted on the surface of the mounting
substrate 10 1s dissipated through the openings 8 to an
external space of the shielding conductor 3. Therefore, a
suilicient dissipation eflect can be obtained. Additionally, by
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forming the contour of the shielding conductor 3 into a
particular contour, which will be described below, a suili-
cient shuelding eflect can also be obtained together with the
suilicient dissipation effect. Next, referring to FIGS. 8 and 9,
description will be given of a principle to obtain the suil-
cient shielding effect.

FIG. 8 1s a diagram schematically showing the shielding
conductor 3 used in the electronic device including chip
parts of this example. In the diagram, character L indicates
a dimension of width of the shielding conductor 3, character
H indicates a dimension of height thereof, and character L
indicates a dimension of length thereof. Furthermore, FIG.
9 shows simulated results of a shielding effect when the
shielding conductor 3 1s used and a relationship between
shielding conductor width W (abscissa) and radiation noise
(ordinate). The simulated results are calculated using a
shielding conductor of a size less than a quarter of a
wavelength of a radiated electromagnetic field, and the
simulated results lead to recognition as below.

That 1s, a current flowing from the chip part 1 to the
ground conductor pattern 11 of the mounting substrate 10
forms a current loop circulating 1n a direction perpendicular
to the surface of the mounting substrate 10 to form a
wave-source-conductor loop P as shown in FIG. 8. In this
configuration, the current loop described above becomes
cause ol occurrence of radiation noise. The primary direc-
tion of the current tlowing from the wave-source-conductor
loop P 1s the horizontal direction. The direction of the
current causing occurrence of the radiation noise 1s a vertical
direction to the surface of the mounting substrate 10, but
influence of the current can be reduced by forming a
conductor loop which includes the ceiling plate section 4
covering the rear surface of the chup part 1, the side plate
sections 3, and the ground conductor pattern 11 of the
mounting substrate 10 and which 1s parallel to the direction
of the current loop from the chip part 1. That 1s, by forming
such a conductor loop, a current 1s induced 1n the side plate
sections 3 of the conductor loop 1n a direction opposite to
that of the current flowing through the chip part 1, and hence
the electromagnetic field of the current loop of the chip part
1 1s cancelled and the radiation noise 1s reduced.

The simulated results of FIG. 9 indicate how the radiation
noise varies when the shielding conductor width (dimension
in the front-rear direction) 1s changed assuming that the
shielding conductor height H and the shielding conductor
length L. (dimension along the horizontal direction) are
parameters. In FIG. 9, characteristic a indicates a character-
istic when the shielding conductor height H 1s set to 0.5 mm
and the shielding conductor length L 1s set to 1.08 mm,
characteristic b indicates a characteristic when the shielding
conductor height H 1s set to 0.4 mm and the shielding
conductor length L 1s set to 0.68 mm, and characteristic ¢
indicates a characteristic when the shielding conductor
height H 1s set to 0.1 mm and the shielding conductor length
L 1s set to 0.48 mm.

As can be seen from FIG. 9, it 1s understood that for each
of characteristics a, b, and c, the radiation noise can be
reduced like an exponential function by increasing the
shielding conductor width W. This phenomenon indicates
that the radiation noise can be reduced, even when the both
side ends 1n the front-rear direction of the shielding con-
ductor are opened to form the openings 8, 1f the width of the
ceiling plate section 4 (1.e., shielding conductor width W)
has a large ratio with respect to the harmonic mean of the
height of the ceiling plate section 4 of the shielding con-
ductor 3 (i.e., shielding conductor height H) and the length
of the opening 8 in the horizontal direction of the ceiling
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plate section 4 (i.e., shielding conductor length L) and the
shielding effect increases as the width of the ceiling plate
section 4 becomes wider. For example, when the width of
the ceiling plate section 4 1s increased to have a ratio of two
or more with respect to the harmonic mean, the radiation
noise can be reduced to about one thousandth or less.

In FI1G. 9, paying attention to, for example, characteristic
b, 1ts harmomic mean 1s about 0.5 mm, and the shielding
conductor width W (1.e., the width of the ceiling plate
section 4) at point B 1s about 0.9 mm, and this value 1s about
twice the value of the harmonic mean. Additionally, at point
B, the radiation noise can be reduced to about one thou-
sandth or less as compared with the case in which the
shielding conductor (1.e., the ceiling plate section 4) 1s not
used. As above, for the shielding conductor 3, when the
width of the opening 8 of the ceiling plate section 4
(shielding conductor width W) 1s set to be more than the
length of the opening 8 of the ceiling plate section 4
(shielding conductor length L) and the height of the ceiling
plate section 4 (shielding conductor height H) 1s reduced to
about the thickness of the chip part 1, the shielding effect can
be increased. When there exist a plurality of terminals of the
chip part, the same eflect can be obtained by use of a ceiling
plate larger than the existing area of the group of the
terminals by at least twice the harmonic mean.

Moreover, the result of simulation can be represented
using an approximate expression of a function of the shield-
ing conductor width W, the shielding conductor length L, the
shielding conductor height H, and a size Lg of the ground
layer 12 of the mounting substrate 10, namely, using the
following expression.
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wherein, I=frequency and c=speed of light.

In a case 1 which the size Lg of the ground layer 12 of
the mounting substrate 10 1s 200 mm and the shielding
conductor height H 1s 0.5 mm, it can be understood that the
radiation noise (relative quantity) 1s reduced to about one
5000th by assigning 1.5 mm to the shielding conductor
width W 1n the front-rear direction from the wave-source-
conductor loop P and 1.5 mm to the shielding conductor
length L. in the horizontal direction 1n the approximate
expression. When the height H, the length L, and the width
W are similar to each other, almost the same result i1s
obtained. Furthermore, when the position of the side plate
section 5 of the shielding conductor 1s rotated by 90°, the
approximate expression ol the result of simulation can be
expressed as follows.

Radiation noise
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According to the approximate expression, when the side
plate sections are disposed 1n the front-rear direction of the
wave-source-conductor loop P and the shielding conductor
height H 1s 0.5 mm, the (front-end) shielding conductor
length L 1s 1.5 mm, and the shielding conductor width W 1s
1.5 mm, the reduction ratio of the radiation noise (relative
quantity) 1s only one tenth. However, 1n a case 1n which the
shielding conductor height H 1s 0.5 mm and the (front-end)
shielding conductor length L 1s kept 1.5 mm, when the
shielding conductor width W 1s increased to 3.5 mm, the
radiation noise (relative quantity) 1s reduced to one thou-
sandth. To obtain a suflicient shielding eflect regardless of
the direction of the wave-source-conductor loop P, 1t 1s
required to widen the shielding conductor width W to be at
least twice the shielding conductor length L. Since the chip
part 1 1s originally small in size, 1t 1s also possible that the
length of the chip part 1 1s set to that of the shielding
conductor and the shielding conductor 3 has a contour 1n
which the width thereof 1s at least twice that of the length
thereof. That 1s, the shielding conductor 3 can be designed
such that each distance from the area 1n which the electrodes
of the wave-source-conductor loop P exist to the opening
end of the shielding conductor 3 equal to or more than the
length of shielding conductor 3 so that the radiation noise 1s
sufliciently reduced regardless of the direction of the wave-
source-conductor loop P.

Additionally, an electromagnetic wave absorbing sub-
stance may be disposed 1n a range R, from the chip part 1 to
the opening end of the shielding conductor 3. The substance
1s one selected from a group including substances using
ohmic loss, substances using dielectric loss, and substances
using magnetic loss. That 1s, there can be used, for example,
powder of carbon, ferromagnetic ceramics, e€poxy resin,
territe, permalloy, sendust, stainless steel, silicon steel, or
iron-based amorphous alloy. Or, 1t 1s also possible that a
metallic layer such as a nmickel plate layer or a chromium
plate later having high resistivity 1s formed on a surface of
the shuelding conductor, or depressions and projections are
formed on the surface of the shielding conductor to increase
resistivity.

As an arrangement of the electromagnetic wave absorbing
substance, 1t 1s possible that a coating film of paint 1n which
fine particles of the electromagnetic wave absorbing sub-
stance are mixed with paint solution 1s formed on the
shielding conductor. Or, it 1s also possible to arrange the
clectromagnetic wave absorbing substance such that a sub-
stance such as epoxy resin or polyamide having a high
dielectric dissipation factor is filled 1n a zone ranging from
a chip part end to a shielding conductor end.

By arranging the electromagnetic wave absorbing sub-
stance, energy of the electromagnetic wave confined in the
shielding conductor 3 can be absorbed to weaken the elec-
tromagnetic field in the shielding conductor, and cross talk
between circuits 1n the chip part 1 can be reduced.

As above, by configuring the contour of the shielding
conductor 3 1to a particular contour in which the width of
the ceiling plate section 3 1s larger than the length thereof,
there can be obtained suthicient shielding eflect.

Moreover, in FIGS. 4 and 5, a gap 19 exists at positions
at which no shielding bump 1s disposed between the side
plate section 5 of the shielding conductor 3 and the ground
conductor pattern 11 of the mounting substrate 10. However,
it has been recognized as a result of a simulated calculation
that also in such a shielding configuration, a shielding
configuration satistying the following condition 1s optimal

il

to mcrease the shielding efiect.
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(1) When a conductor loop 1s formed using the ceiling plate
section 4, the side plate section S, and the ground con-
ductor pattern 11 of the mounting substrate 10 and the
width of the conductor loop 1s substantially twice the
harmonic mean of the length between the ends of the
conductor loop and the height of the ceiling plate section
4, the radiation noise from the current loop as the noise
source can be reduced to substantially one thousandth.

(2) With the precondition of (1) kept retained, when the
number of shielding bumps 17 as electric contacts con-
necting the planar surface 5A of the side plate section 5 of
the shielding conductor 3 and the ground conductor
pattern 11 of the mounting substrate 10 1s set to four to 11
for each side plate section 5, namely, four or more, there
can be obtained a satisfactory shielding effect as shown in
FI1G. 10.

Particularly, when nine or more shielding bumps 17 are
arranged, a sufliciently good shielding eflect 1s obtained. The
shielding bumps 17 may be formed 1n a line on a lower
section of the side plate section 5, or may be formed 1n a
zigzag arrangement, or may be formed in two lines; the same
cllect can be obtained only 1f the same number of bumps
exi1sts.

In FIG. 10, characteristic a indicates an example when the
s1ze of width of the shielding bump 17 1s set to 0.04 mm and
characteristic b indicates an example when the size of width
thereot 1s set to 0.1 mm. As can be seen from FIG. 10, using,
as a reference the case in which no shielding bump 17 is
disposed, the radiation noise can be reduced to substantially
one hundredth or less when five bumps 17 are disposed for
characteristic a and when four bumps 17 are disposed for
characteristic b.

As above, 1n accordance with the electronic device includ-
ing chip parts of the example, 1n the configuration 1n which
the chip part 1 1s mounted on a surface of the mounting
substrate 10, the rear surface of the chip part 1 i1s covered
with the shielding conductor 3, and the conductor 3 1s
clectrically connected to the ground conductor pattern 11 of
the mounting substrate 10; the shielding conductor 3
includes a ceiling plate section 4 over the chip part 1 and side
plate sections 5 which are formed to be positioned lower
than the ceiling plate section 4 and which are disposed on
both sides in the horizontal direction of the chip part 1;
moreover, on both sides 1n the front-rear direction of the chip
part 1, openings 8 are formed to open both sides in the
front-rear direction of the chip part 1, and the side plate
sections 5 of the shielding conductor 3 are electrically
connected via a plurality of shielding bumps 17 in the
front-rear direction to the ground conductor pattern 11 of the
mounting substrate 10; therefore, although both side ends in
the front-rear direction of the shielding conductor 3 are
open, the shielding effect can be increased by widening the
width of the ceiling plate section 4.

Therelore, the shielding effect and the cooling eflect can
be sufliciently obtained at the same time in the shielding
configuration of the chip parts.

FIG. 11 1s a cross-sectional view showing a first variation
of the electronic device including chip parts of the example.
The configuration of the first vanation remarkably differs
from that of the first embodiment described above 1n that the
side surfaces of the chip part are covered with the cathode
conductor serving also as a shielding conductor.

That 1s, 1n the electronic device including chip parts of the
first variation, the rear surface and the side surfaces that
function as the cathode of the chip part 1, and part of the
surface of the chip part 1 including a vertical cavity surface
emitting laser are covered with the shielding conductor
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serving also as the cathode conductor 21 configured using a
conductor plate such as a copper plate or an aluminum plate
on one hand, and the surface of the chip part 1 1s mounted
on a surface of the mounting substrate 10 as shown 1n FIG.
11. Additionally, both side end surfaces 1n the horizontal
direction of the shielding conductor serving also as the
cathode conductor 21 (the flat planes 21 A covering part of
the surface of the chip part 1) are electrically connected to
the ground conductor pattern 11 on the surface of the
mounting substrate 10 on one hand, both side end surfaces
in the front-rear direction of the shielding conductor 3 are
opened to form openings 8.

The other parts are substantially the same as those of the
first embodiment described above. Therelore, 1n FI1G. 11, the
constituent components corresponding to those of FIGS. 4
and 5 are assigned with the same reference numerals and
description thereot 1s avoided.

In accordance with the first variation, there 1s obtained an
cllect substantially the same as that of the first embodiment;
additionally, since the surfaces of the chip part 1 opposing
respectively the ground conductor pattern 11 and the land
pattern 14 of the mounting substrate 10 are formed at
substantially the same height, by mounting the chip part 1 on
its surface using the shielding bumps 17 and the signal
bumps 18 which are almost equal 1n height, the shielding
conductor serving also as the cathode conductor 21 can also
be simultaneously connected at the chip mounting without
inclining the posture of the chip part 1. Therefore, the chip
parts can be mounted 1n a simple method.

FIG. 12 1s a cross-sectional view showing a second
variation of the first embodiment of the electronic device
including chip parts of the example. The second variation
remarkably differs from that of the first embodiment
described above 1n that a hole section 1s formed 1n the ceiling
plate section of the shielding conductor.

That 1s, 1n the electronic device including chip parts of the
second variation, 1n a central area of the ceiling plate section
4 of the shielding conductor configured with a conductor
plate such as a copper plate or an aluminum plate, where the
ceiling plate section 4 covers the rear surface of the chip part
1 which functions as the cathode thereof, a hole section 20
1s formed to expose the chip part 1 as shown in FIG. 12.

The other parts are substantially the same as those of the
first embodiment described above. Therefore, 1n FIG. 12, the
constituent components corresponding to those of FIGS. 4
and 5 are assigned with the same reference numerals and
description thereot 1s avoided.

In accordance with the second variation, there 1s obtained
an ellect substantially the same as that of the first embodi-
ment; additionally, since the hole section 20 to expose the
chip part 1 1s formed in the central area of the ceiling plate
section 4 of the shielding conductor 3, the cooling effect of
the chip part 1 can be further increased by the hole section
20.

FIG. 13 1s a diagram showing the rear surface of the
shielding conductor 3 1n the first manufacturing method
described above 1n a stage betfore the chip part 1 1s mounted
on the mounting substrate 10 after the chip part 1 1is
assembled with the shielding conductor 3 into one unait.

As shown i FIG. 13, solder resist 22 i1s printed on
unnecessary areas lfor the chip part 1 and the shielding
conductor 3 formed in one unit, openings 23 are formed by
exposing only required areas, solder paste 1s thereafter
printed onto the openings 23 using the solder resist 22 as a
mask, and then the solder paste 1s molten by heat to thereby
form shielding bumps 17 and signal bumps 18 each includ-
ing solder bumps on the flat planes 5A of the side plate
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sections 5 of the shielding conductor 3 and the anode
clectrode 6 and the cathode electrode 7 of the chip part 1. In
this way, by beforchand forming solder bumps in the
required areas of the shielding conductor 3 and the mounting
substrate 10, the operation to mount the chip part 1 on the
surface ol the mounting substrate 10 and the operation to
connect the mounting substrate 10 to the ground conductor
pattern 11 of the mounting substrate 10 can be simply
conducted.

FI1G. 14 1s a cross-sectional view showing a third variation
of the electronic device including chip parts of the example,
and FIG. 135 1s a cross-sectional view taken along B—B of
FIG. 14. The third variation remarkably differs from that of
the first embodiment described above 1n that a conductor
having elasticity 1s used in place of the shielding bumps.

That 1s, 1n the electronic device including chip parts of the
third vanation, to connect the shielding conductor 3 to the
ground conductor pattern 11 of the mounting substrate 10, a
conductor 24 having elasticity such as a metallic net or a
conductive plastic 1s used 1n place of the shielding bumps 17
used in the first embodiment as shown in FIGS. 14 and 15.

For the conductor 24, an electromagnetic wave absorbing,
substance such as ferrite or carbonyl 1ron may be used.
Moreover, by bringing the conductor 24 into contact with the
ground conductor pattern 11 of the mounting substrate 10,
clectric connection 1s established.

Two or more conductors 24 may be disposed for each side
plate section 5, or a long-sized conductor 24 may be
disposed for each side plate section 5. Similarly, in the
configuration using shielding bumps, one long-sized shield-
ing bump may be used for each side plate section 5.

FIG. 16 1s a cross-sectional view showing a fourth varia-
tion of the electronic device including chip parts of the
example. The fourth variation remarkably differs from that
of the first embodiment described above in that a spring
substance having elasticity 1s used as the material of the
shielding conductor.

That 1s, 1n the electronic device including chip parts of the
fourth varnation, as the shielding conductor 3 to cover the
chip part 1, there 1s used a spring substance having elasticity
such as phosphor bronze or stainless steel as shown 1n FIG.
16.

In accordance with the third and fourth variations, there 1s
obtained an effect substantially the same as that of the first
embodiment; additionally, to connect the shielding conduc-
tor 3 to the mounting substrate 10, elasticity of the conductor
24 having elasticity or elasticity of the shielding conductor
3 itseltf 1s used, and hence the electric connection can be
established by a simple unit.

FI1G. 17 1s a cross-sectional view showing a fifth variation
of the electronic device including chip parts of the example,
and FIG. 18 1s a cross-sectional view taken along C—C of
FIG. 17. The configuration of the fifth variation remarkably
differs from that of the first embodiment described above 1n
that the rear surface of the chip part 1s pushed by spring force
of the shielding conductor.

In the electronic device including chip parts of the fifth
variation as shown in FIGS. 17 and 18, there 1s used as the
shielding conductor 3 to cover the chip part 1 a shape
memory alloy such as a nickel-titanium (Ni—T1) alloy
which restores a characteristic of a spring when heated; and
by forming a hole section 20 1n the ceiling plate section of
the shuelding conductor, end sections 1A of the chip part 1
are pushed by the spring characteristic of a projection part
3 A projecting 1nto the hole section 20. For the insertion and
removal of the chip part 1 into and from the mounting
substrate 10, the shape memory metal undergoes plastic
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deformation to insert and to remove the chip part 1 into and
from the mounting substrate 10 through the hole section 20.
As a result, at occurrence of a defect 1in the chip part 1, the
part replacement can be simply conducted. Moreover, by
disposing the hole section 20 at a plurality of positions, 1t 1s

possible to push a plurality of chip parts 1 by one shielding
conductor 3.

In accordance with the fifth variation, there 1s obtained an
cllect substantially the same as that of the first embodiment;
additionally, with the shielding conductor 3 kept connected
to the mounting substrate 10, the shielding conductor 3
undergoes plastic deformation to thereby conduct the 1nser-
tion and the removal of the chip part 1 into and from the
mounting substrate 10, and it 1s hence easy to conduct the
insertion and the removal of the chip part.

Moreover, 1t 1s also possible that both ends of a film-
shaped metallic fo1l having plasticity as the shielding con-
ductor 3 are fixed by adhesion onto the conductor pattern 11
of the mounting substrate 10 to push by tension thereof the
shielding conductor 3 onto the chip part 1 to thereby install
it on the mounting substrate 10.

Second Embodiment

FIG. 19 1s a plan view showing a second embodiment of
the electronic device including chip parts 1n accordance with
the present invention and FIG. 20 1s a cross-sectional view
taken along D—D of FIG. 19. The configuration of the
second embodiment remarkably differs from that of the first
embodiment described above 1n that an array-shaped chip
part in which a plurality of two-terminal chip parts are
integrated 1s used as the chip part. To the array-shaped chip
part, an array-shaped photodiode, an array-shaped signal
amplifier circuit, or the like 1s applicable.

In the electronic device including chip parts of this
example, as shown i FIGS. 19 and 20, the rear surface
serving as a common cathode 2 of the array-shaped chip part
25 1n which a plurality of two-terminal chip parts 1A, 1B,
and 1C including, for example, vertical cavity surface emit-
ting lasers are integrated i1s covered with the shielding
conductor 3 on one hand, the surface of the array-shaped
chip part 25 1s mounted on the surface of the mounting
substrate 10. Additionally, both side end surfaces 1n the
horizontal direction of the shielding conductor 3 which are
the flat planes 5A of the side plate sections 5 are electrically
connected to the ground conductor pattern 11 on the surface
of the mounting substrate 10 on one hand, and both side ends
in the front-rear direction of the shielding conductor 3 are
opened to form openings 8.

In the array-shaped chip part 235, a plurality of two-
terminal chip parts 1A to 1C are integrated in the front-rear
direction, and hence the width of the ceiling plate section 4
of the shielding conductor 3 covering the array-shaped chip
part 25 1s selected to be wider than that of the first embodi-
ment. Additionally, the distance from each of the electrodes
6A and 7A of the two-terminal chip part 1A arranged on the
outer-most side in the front-rear direction of the array-
shaped chip part 25 to an end section i the front-rear
direction of the shielding conductor 3 is set to at least half
the horizontal size of the ceiling plate section 4. Like 1n the
first embodiment, a current path 1s formed 1n the horizontal
direction to couple both electrodes 6A and 7A with each
other.

On the surface as the mounting surface of the two-
terminal chip parts 1A to 1C constituting the array-shaped
chip part 25, the anode electrodes 6A and the cathode
clectrodes 7A are respectively formed, and at positions
opposing the anode electrodes 6 A and the cathode electrodes
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7 A on the surface of the mounting substrate 10, land patterns
14 respectively including copper layers are formed.

In the configuration of a pair of side plate sections 3 of the
shielding conductor 3, the flat planes 5A are electrically
connected to the ground conductor pattern 11 on the surface
of the mounting substrate 10 via eight shielding bumps 17 1n
the front-rear direction. Furthermore, the anode electrode 6A
and the cathode electrode 7A of each of the two-terminal
chip parts 1A to 1C are connected to surface layer electric
wirings 26A and 26B formed 1n the horizontal direction, at
positions 1 a gap 19 1n which the shielding bump 17 is not
disposed between the side plate sections 5 of the shielding
conductor 3 and the ground conductor pattern 11 of the
mounting substrate 10. In a rectangular area formed by
linking the positions at which shielding bumps are disposed
below the rnight and leit side plate sections 5, the shielding
bumps 17 are disposed such that the area 1s larger than the
area 1 which the electrodes of the chip part exist. The
shielding bumps 17 are desirably disposed such that the
distance from each of the electrodes 6A and 7A of the
two-terminal chip part to the end section in the front-rear
direction of the area in which the shielding bumps are
disposed 1s at least half the horizontal size of the ceiling
plate section 4.

Incidentally, the space area between the ceiling plate
section 4 of the shielding conductor 3 and the mounting
substrate 10 may be filled with organic resin having a
dielectric dissipation factor of 2% or more such as epoxy
resin or polyamide resin. When such organic resin 1s filled
therein, there can be obtained an effect that a loss takes place
in resonance of the electromagnetic field occurring 1n the
space area to reduce the influence of the electromagnetic
f1eld.

As above, 1in accordance with the configuration of the
example, since the width of the ceiling plate section of the
shielding conductor 1s selected to be wider than that of the
first embodiment, there can be obtained a stronger shielding
ellect because of the reason described 1n conjunction with
the first embodiment.

Third Embodiment

FIG. 21 1s a plan view showing a third embodiment of the
clectronic device including chip parts 1n accordance with the
present invention and FIG. 22 1s a cross-sectional view taken
along E—F of FIG. 21. The configuration of the third
embodiment remarkably differs from that of the second
embodiment described above in that 1n the configuration
including an array-shaped chip part in which a plurality of
two-terminal chip parts are integrated 1s used as the chip
part, an optical waveguide 1s arranged 1n the horizontal
direction to mnput and to guide an optical signal from a light
emitting section. In this connection, it 1s assumed that 1n the
two-terminal chip part used 1n this example, the cathode
clectrode 1s formed only on the rear surface, and only the
anode electrode 1s formed on the mounting surface.

In the electronic device including chip parts of the
example, as shown 1n FIGS. 21 and 22, an optical waveguide
27 to mput and to guide an optical signal from a light
emitting section 9 formed on the mounting surfaces of the
two-terminal chip parts 1A to 1C constituting the array-
shaped chip part 25 1s arranged 1n the horizontal direction at
a position 1 a gap 19 of the left-side side plate section 5 1n
which the shielding bump 17 1s not disposed between the
side plate sections 5 of the shielding conductor 3 and the
ground conductor pattern 11 of the mounting substrate 10.
On the other hand, the anode electrode 6A of the two-
terminal chip parts 1A to 1C 1s connected to the surface layer
clectric wiring 26 formed 1n the horizontal direction at a
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position 1n a gap 19 of the right-side side plate section 5 1n
which the shielding bump 17 1s not disposed between the
side plate sections 5 of the shielding conductor 3 and the
ground conductor pattern 11 of the mounting substrate 10.
Furthermore, the distance from the anode electrode 6A of the
two-terminal chip parts 1A arranged on the outer-most side
in the front-end direction of the array-shaped chip part 235 to
the end section 1n the front-end direction of the shielding
conductor 3 is set to be at least half the horizontal size of the
ceiling plate section 4.

The others are substantially the same as those of the
second embodiment described above. Therefore, 1n FIGS.
21 and 22, the constituent components corresponding to
those of FIGS. 19 and 20 are assigned with the same
reference numerals and description thereof 1s avoided.

As above, 1 accordance with the configuration of the
example, when an array-shaped chip part in which a plural-
ity of two-terminal chip parts are integrated 1s used as the
chip part and only one of the electrodes 1s formed on the
mounting surface of each two-terminal chip part, there can
be obtained a stronger shielding eflect because of the reason
described 1n the first embodiment. That 1s, the cathode
clectrode of the chip part 1 1s electrically connected to the
shielding conductor 3 and is electrically connected via the
side plate sections 5 as both side surfaces 1n the horizontal
direction of the shielding conductor 3 to the ground con-
ductor pattern 11 on the surface of the mounting substrate
10. Moreover, the anode electrode 6A 1s connected to the
surface layer electric wiring 26 of the mounting substrate 10,
and a current flowing from the anode electrode 6A of the
chip part 1 makes a pair with a current flowing through the
side plate sections 5 as both side surfaces 1n the horizontal
direction up to the ground conductor pattern 11 on the
surface of the mounting substrate 10 to form a current loop
circulating 1n a direction vertical to the plane of the mount-
ing substrate 10 to form the wave-source-conductor loop P
shown 1 FIG. 8. The loop P cancels the electric field
appearing when a current 1s induced 1n an opposite direction
in a conductor loop including the ceiling plate section 4, the
side plate sections 5, and the ground conductor pattern 11 of
the mounting substrate 10, and hence the radiation noise 1s
reduced.

Incidentally, as for the current flowing through the respec-
tive terminals, as the current pair flowing through the
clectrodes existing on the left end of the chip part 1, a current
1s induced 1n the opposite direction 1n the side plate section
5 connected to the left end of the ceiling plate section 4; for
the current tlowing through the electrodes existing in the
right end of the chip part 1, a current i1s induced in the
opposite direction in the side plate section 5 connected to the
right end of the ceiling plate section 4, and hence the
clectromagnetic field 1s cancelled to thereby reduce the
radiation noise. Therefore, a pair including one terminal and
the side plate section 5 connected to the cathode electrode
can be considered to be one two-terminal chip part, and there
1s considered an array-shaped chip part in which a plurality
of chip parts are integrated. Therefore, the power source
terminal, the ground terminal, and the signal terminal are not
formed on the front and rear ends of the chip part 1; and for
a chip part 1 1n which the power source terminal, the ground
terminal, and the signal terminal exist only on the upper
surface of the chip part 1 or in the right and leit ends of the
chup part 1, the shielding effect of this embodiment can be
similarly obtained. For example, the power source terminal
1s considered to be a two-terminal part paired with the
cathode terminal on the upper surface of the chip part 1, and
the electromagnetic field caused by a current flowing
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through the power source terminal 1s cancelled. Therefore,
also for a plurality of circuits in which the power source
terminal exists 1n addition to the signal terminal, the present
embodiment 1s applicable to a chip part 1 1n which all
terminals exist only on the right and the left of the chip part
1. That 1s, the present embodiment 1s applicable particularly
to a signal amplifier circuit generating a large quantity of
heat.

As above, the description has been given in detail of
embodiments of this invention by referring to the drawings;
however, specific configurations are not restricted by this
embodiments, but modifications of the design in the range
within the scope of the mvention are also included 1n this
invention. For example, although each embodiment has been
described using an example 1n which a vertical cavity
surface emitting laser 1s used as the two-terminal chip part,
the mvention can be applied not only to a vertical cavity
surface emitting laser but also to other two-terminal chip
parts such as a chip capacitor and a chip resistor. Moreover,
the mnvention can be applied to multi-terminal chip parts as
an array-shaped chip part used in the second embodiment.
When the mvention 1s applied to a general multi-terminal
chip part and the shuelding conductor width W 1s configured
such that the length from the area 1n which the terminals of
the chip part exist to the opening end of the shielding
conductor 3 1s secured to be equal to or more than the
shielding conductor length, there can be obtained a shielding
ellect to suihiciently reduce the radiation noise.

Additionally, by using the configuration in which a plu-
rality of chip parts are arranged to be umted with one
shielding conductor 3 including the side plate sections 5
with the chip parts covered by the shielding conductor 3 and
the distance between the opening 8 of the shuelding conduc-
tor 3 and the terminals of the chip part 1s secured to be at
least the length L of the shielding conductor, there can be
obtained a shielding eflect to sufliciently reduce the radia-
tion noise.

In addition, the shielding conductor 3 1s not limited to a
copper plate, an aluminum plate, or the like, but there can
also be used other conductive substances such as a silicon
substrate and conductive resin. As the shielding conductor 3,
a metallic film coated with organic resin may be used.
Insulator may exist between the shielding conductor 3 and
the chip part 1. Furthermore, although each embodiment has
been described using an example 1n which shielding bumps
such as solder bumps are used to connect the shielding
conductor with the mounting substrate, the present invention
1s not restricted by the example, but 1t 1s also possible that
the shielding conductor 3 1s brought 1into contact with the
ground conductor pattern 11 and the shielding conductor 3
1s fixed onto the mounting substrate 10 by a screw or by
compression bonding as in the third variation of the first
embodiment. Or, there may also be used other connecting
substance such as a thermoplastic conductive adhesive
agent. Moreover, the chip part size, the shielding conductor
size, the anode electrode size, the cathode electrode size, the
shielding bump size, and the signal bump size are examples,
and hence it 1s possible to change the sizes according to a
purpose, a usage, and the like, for example, to replace the
bump with a conductor post or a conductor lead line while
observing the condition that a polygonal area formed by
coupling the positions at which the shielding bumps are
disposed has a contour enclosing the signal bumps and the
power source terminals of the chip part 1.

Additionally, the present invention can be used not only
in a case in which the unit including the chip part 1 and the
shielding conductor 3 1s mounted on the surface of the
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mounting substrate 10 but also 1n a case i which the unit 1s
mounted by burying the unit 1n the mounting substrate 10 as
below. That 1s, first, the unit including the chip part 1 and the
shielding conductor 3 exemplified in FIG. 19, 20, or 11 1s
covered with organic resin such as epoxy resin or alamide
resin. Next, the chip part 1 1s installed on the mounting
substrate 10 with the anode electrode 6 and the cathode
clectrode 7 of the chip part 1 and the flap planes SA of the
side plate sections 5 of the shielding conductor 3 facing the
surface of the mounting substrate 10. Thereaiter, the mount-
ing substrate 10 and the chip part 1 are coated with organic
resin. Therealter, abrasion by a laser beam or chemical
etching 1s conducted on the surface of the coating resin of
the mounting substrate 10 to form holes, and the anode
clectrode 6 and the cathode electrode 7 of the chip part 1 and
the flat planes SA of the side plate sections 5 of the shielding
conductor 3 are exposed through the holes. The holes
replace the signal bumps 18 and the shielding bumps 17 1n
the case of the surface mounting. On the anode electrode 6
and the cathode electrode 7 of the chip part 1 and the flat
planes 5A of the side plate sections 5 of the shielding
conductor 3 exposed through the holes and the surface of the
coating resin are plated using conductor to form surface
layer wirings 26 A and 26B and the ground conductor pattern
11 to establish an electric connection therebetween. In this
case, by connecting the right and left ground conductor
patterns 11 of the chip part 1 using a conductor pattern and
by connecting the anode electrode 6 and the cathode elec-
trode 7 to the surface layer electric wirings 26 A and 27A
passing through the gap 19 between the holes formed 1n the
flat planes 5A of the side plate sections 5 of the shielding
conductor 3 as shown 1n FIG. 19, 1t 1s possible to conduct the
mounting to connect the electric wiring, the chip part 1, and
the shielding conductor 3.

INDUSTRIAL APPLICABILITY

As described above, 1n accordance with the electronic
device 1including chip parts of this invention, 1n the configu-
ration 1n which the chip part 1s mounted on the surface of the
mounting substrate, the upper surface of the chip part 1s
coated with the shielding conductor, and the shielding
conductor 1s electrically connected to the ground layer of the
mounting substrate; the shielding conductor includes a ceil-
ing plate section covering the chip part and side plate
sections which are formed to be united with the ceiling plate
section and to be at a position lower than the ceiling plate
section and which are arranged on both sides in the hori-
zontal direction of the chip part; furthermore, 1n the both
side ends 1n the front-rear direction of the shielding con-
ductor, openings are formed to open the both sides 1n the
front-rear direction of the chip part, and the side plate
sections ol the shielding conductor are electrically con-
nected via a plurality of connecting units 1n the front-rear
direction to the ground layer of the mounting substrate.
Theretfore, although the both side ends in the front-rear
direction of the shielding conductor are opened, the shield-
ing eilect can be increased by widening the width of the
ceiling plate section.

Therefore, 1n the shielding configuration of the chip part,
the shielding effect and the cooling effect can be sufliciently
obtained at the same time.

The mvention claimed 1s:

1. An electronic device, comprising:

a chip part having an upper surtace;

a shielding conductor umited with the upper surface of the

chip part, the shielding conductor including a ceiling
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plate section covering the chip part and opposed side

plate sections united with and extending below the

ceiling plate section and projecting mm a horizontal
direction around two sides of the chip part; and

a mounting substrate having a ground layer, wherein the
side plate sections are electrically connected to the
ground layer via a plurality of connecting means,

wherein a width W of the ceiling plate section in a
front-rear direction 1s sized greater than or equal to
twice a harmonic mean of a length L of the ceiling plate
section 1n a horizontal direction between the opposed
side plate sections and a height H of the ceiling plate
section 1n a vertical direction above the mounting
substrate.

2. An electronic device, comprising:

a chip part having an upper surtace;

a mounting substrate having a mounting surface and a
ground layer, wherein the chip part 1s mounted on the
mounting surface of the mounting substrate; and
a shielding conductor comprising: a ceiling plate sec-

tion umted with the upper surface of the chip part and
covering the chip part; and

opposed side plate sections united with and extending
below the ceiling plate section and projecting 1n a
horizontal direction around two sides of the chip
part,

wherein the shielding conductor forms openings in a
front-rear direction of the shielding conductor and a
front-rear direction of the chip part;

wherein the opposed side plate sections of the shielding
conductor are electrically connected to the ground
layer of the mounting substrate via a plurality of
connecting means extending 1n a front-rear direction;
and

wherein a width W of the ceiling plate section in a
front-rear direction 1s sized greater than or equal to
twice a harmonic mean of a length L of the openings
in a horizontal direction between the opposed side
plate sections and a height H of the ceiling plate
section 1 a vertical direction above the mounting
substrate.

3. An electronic device, comprising:

a chip part having an upper surtace;

a mounting substrate having a mounting surface and a
ground layer, wherein the chip part 1s mounted on the
mounting surface of the mounting substrate;

a shielding conductor comprising: a ceiling plate sec-
tion umted with the upper surface of the chip part and
covering the chip part;

opposed side plate sections united with and extending
below the ceiling plate section and projecting 1n a
horizontal direction around two sides of the chip
part; and

opposed opening end sections projecting 1n a front-rear
direction of the shielding conductor and the chip
part,

wherein the opposed side plate sections are electrically
connected to the ground layer of the mounting sub-
strate via a plurality of connecting means extending
in the front-rear direction; and

an electromagnetic wave absorber disposed between the
chip part and at least one of the opposed opening end
sections of the shielding conductor,

wherein a width W of the ceiling plate section in a
front-rear direction 1s sized greater than or equal to
twice a harmonic mean of a length L of the ceiling plate
section 1n a horizontal direction between the opposed
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side plate sections and a height H of the ceiling plate
section 1 a vertical direction above the mounting
substrate.

4. An electronic device 1in accordance with claim 1,
wherein the chip part further comprises:

a two-terminal chip part.

5. An electronic device 1n accordance with claim 1,
wherein the width W of the shielding conductor 1s larger
than an area defined by terminals of the chip part.

6. An electronic device 1n accordance with claim 2,
wherein the openings formed by the shielding conductor are
ol a size larger than an area defined by terminals of the chip
part, by at least a length L of the opemings in the horizontal
direction of the ceiling plate section.

7. An electronic device 1n accordance with claim 1,
wherein the plurality of connecting means comprises more
than four connecting means.

8. An electronic device 1n accordance with claim 1,
further comprising;:

a hole section formed in the ceiling plate section of the
shielding conductor to expose at least a portion of the
chip part.

9. An electronic device 1n accordance with claim 1,

wherein the shielding conductor further comprises:

a spring substance having an elasticity.

10. An electronic device 1n accordance with claim 1,
wherein the shielding conductor further comprises:

a shape memory metal having a characteristic of a spring;

a hole section formed in the shape memory metal to
expose at least a portion of the chip part, the hole
section further including end sections,

wherein the chip part 1s pushed by spring characteristics
of the end sections of the hole section.

11. An electronic device in accordance with claim 1,
wherein the ceiling plate section, the opposed side plate
sections, and a part of the upper surface of the chip part

covered by the shielding conductor also serve as a cathode
conductor.

12. An electronic device 1n accordance with claim 1,
wherein the connecting means further comprises:

a bump or a conductor having an elasticity.

13. An electronic device 1n accordance with claim 1,
wherein the chip part further comprises:

an array-shaped chip part including a plurality of two-
terminal chip parts integrated 1n a front-rear direction.

14. An electronic device 1n accordance with claim 13,
further comprising:
two electrodes formed on a mounting surface of the
two-terminal chip parts and both of the electrodes are
connected to surface layer electric wiring formed 1n the
horizontal direction.

15. An electronic device 1n accordance with claim 14,
wherein only one of the two electrodes 1s formed on a

mounting surface of each of a plurality of two-terminal chip
parts.

16. An electronic device 1n accordance with claim 15,
further comprising;:
the one of the two electrodes 1s connected to a surface
layer electric wiring formed in the horizontal direction;
and

an optical waveguide arranged in the horizontal direction
in the mounting substrate below the array-shaped chip
part.

17. A method of manufacturing an electronic device
including a chip part mounted on a surface of a mounting
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substrate, a shielding conductor united with and covering an
upper surface of the chip part, wherein the shielding con-
ductor 1s electrically connected to a ground layer of the
mounting substrate, the method of manufacturing compris-
ng:
assembling the chip part with the shielding conductor into
a unit, the shielding conductor including a ceiling plate
section united to and covering the chip part, and
opposed side plate sections united with the ceiling plate
section and extending below the ceiling plate section
and projecting 1 a horizontal direction around two
sides of the chip part;
arranging on the mounting substrate 1n which the ground
layer 1s formed the shielding conductor assembled with
the chip part into the unait;
mounting the chip part on a surface of the mounting
substrate, and electrically connecting the shielding con-
ductor to the ground layer at the same time, and
sizing a width W of a ceiling plate section of a shielding

conductor 1n a front-rear direction greater than or equal
to twice a harmonic mean of a length L of the ceiling
plate section 1n a horizontal direction between opposed
side plate sections and a height H of the ceiling plate
section 1n a vertical direction above the mounting

substrate.

18. A method of manufacturing an electronic device
including a chip part mounted on a surface of a mounting
substrate, a shielding conductor united with and covering an
upper surface of the chip part, wherein the shielding con-
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ductor 1s electrically connected to a ground layer of the
mounting substrate, the method of manufacturing compris-

arranging the chip part on the mounting substrate on

which a ground layer 1s formed, and mounting the chip
part on a surface of the mounting substrate; and

s1zing a width W of a ceiling plate section of a shielding

conductor 1n a front-rear direction greater than or equal
to twice a harmonic mean of a length L of the ceiling
plate section 1n a horizontal direction between opposed
side plate sections and a height H of the ceiling plate
section 1 a vertical direction above the mounting
substrate, wherein the opposed side plate sections are
united with the ceiling plate section and extend below
the ceiling plate section and project in a horizontal
direction around two sides of the chip part;

arranging the shielding conductor on the mounting sub-

strate;

clectrically connecting the shielding conductor to the

ground layer; and

covering an upper surface of the chip part with the ceiling

plate section.

19. A method of manufacturing an electronic device
including a chip part in accordance with claim 17, further

25 comprising:
using a plurality of connecting means when electrically

connecting the shielding conductor to the ground layer.
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